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and highly relevant issues and are for the most part field: the relationships between form and function. Given
extremely well written. Only one chapter (Lin et al.) re- the powerful suite of techniques, concepts, and hard-
quired a stronger editorial hand. It was poorly struc- ware applicable to cardiac function already developed
tured, and contained errors of fact, naı¨ve extrapolations, for man and rodents, the heart is likely to represent the
and poor quality data. benchmark for this sort of analysis. Cardiac looping is
Roger Markwald supplies a balanced overview on not only the central modality through which the forming
heart morphogenesis touching on themes (sometimes heart chambers become aligned and integrated, but also
briefly) such as the anterior heart field, myocardializa- the means through which blood is allowed to course
tion, and other complexities and subtleties in heart de- through the heart in patterns of chiral asymmetry that
velopment, as well as their relationship to congenital augment in a sling-like fashion atrial and ventricular fill-
disease. I would like to have seen incorporated into the ing (Kilner et al., Nature 404, 759–761, 2000).
discussion of heart segments and segment birthdates No doubt to keep costs low, color figures in this book
a more critical assessment of the mechanistic expecta- are limited to a few, and these are annoyingly clustered
tions of the model, and to what extent expression pat- in the middle of the book, in the middle of one of the
terns observed so far meet and (in particular) do not chapters. Most chapters have black and white figures,
meet those expectations. but one has none at all. This is a pity, since the work
Following are enjoyable and lucid chapters on myofi- deprives itself of a strong didactic tool.
brillogenesis and the left/right axis. The article on left/
“…pictures and words represent two modalities forright by Ramsdell and Yost represents well the philo-
equal and conjoined reflection.” (Gould and Purcell,sophical depth of this field and opposing models are
Crossing Over: Where Art and Science Meet, New York:clearly articulated. The article by Kirby nicely details
Three Rivers Press, 2000).recent findings that neural crest is needed not only for
outflow tract septation, but also in the pharyngeal region As a result, students and teachers may find this volume
to suppress signals that would otherwise have long- less appealing for their needs. Even for those of us in
range and deleterious effects on contractility in the myo- the field, the complex three-dimensional space of the
cardium. Her proposition that diminished myocardial developing heart constantly taxes the dexterity of our
function (potentially arising by a variety of mechanisms spatial imagination, and visual tools are a necessary aid.
including neurocristopathies) leads to poor outflow tract Despite this limitation, however, many chapters in this
alignment and, as a result, double outlet right ventricle book represent scholarly treatments of their topics. The
or overriding aorta, is interesting and valuable. I was book is for aficionados of heart development and pat-
intrigued to learn in the article by Poelmann and Gitten- terning who want something beyond the faddy reviews
berger-de Groot and colleagues on the coronary vascu- that appear a little too regularly. Its depth of treatment
lature that large amounts of epicardium-derived cells in parts will guarantee sustained relevance and shelf
enter the atrioventricular endocardial cushions. Further- life. Its prophetic elements show us that there is lots of
more, that endothelial cells of the coronary vasculature interesting stuff to come.
originate within liver sinusoids, outside of the proepicar-
dial organ, even though the two populations mix and
Richard P. Harvey
comigrate over the surface of the heart tube. The chapter
The Victor Chang Cardiac Research Institute
by Borg and colleagues on extracellular matrix acknowl-
Saint Vincent’s Hosptialedges the difficulties of the field and that discovering
384 Victoria Streetthe interfaces between patterning and morphogenesis
Darlinghurstmay need a new generation of tools.
New South Wales 2010The two chapters on growth factors by Terracio and
Australiacolleagues, and Boyer and Runyan, are helpful summar-
ies of a complex area, although the neuregulin/ErbB
receptor axis is never mentioned and, frustratingly, the The Developmental Basisdata on regional expression of growth factors in the
of Animal Evolutionheart is not used to flag the issue of the underlying
basis of heart patterning. The chapter by Rosenquist
and Monaghan unfolds as an intriguing detective story.
From DNA to Diversity: Molecular GeneticsWith dogged focus over many years, Rosenquist devel-
ops the hypothesis that periconceptional deficiencies and the Evolution of Animal Design
in folate causing specific defects in the neural tube and By Sean B. Carroll, Jennifer K. Grenier,
neural crest (and hence heart) arise because homocys- and Scott D. Weatherbee
teine levels become elevated and because homocys- Oxford: Blackwell Science (2001). 214 pp. $44.95
teine can act as an inhibitor of the N-methyl-D-aspartate
(NMDA) type of glutamate receptor in the CNS. Evidence Genomic Regulatory Systems: Development
suggests that NMDA antagonism in some way prevents and Evolution
the “beneficial” cell death that occurs in league with By Eric H. Davidson
neural tube closure and neural crest cell migration, per- San Diego, CA: Academic Press (2001). 261 pp. $44.95
haps through inhibition of neural tube dorsalization.
Finally, the chapter by Keller details the concepts nec-
“The developmental physiology of organisms can beessary to understand function in the fetal heart. This is
a useful insight into what is a burgeoning developmental divided into an ontogenetic and a phylogenetic compo-
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nent…At the beginning, and for a long time thereafter, studies in model systems, we can gather comparative
data at a rapid pace. What is this data, and what has itit will be necessary to focus on the ontogenetic part.
told us? Eloquent answers to these questions can beOnly when this is very far advanced will it shed some
found in two recent books written by an outstandinglight on the causes of phylogenetic change, and the
group of developmental biologists who have been inter-latter will thus obtain a foundation, albeit still a very
ested in questions of evolution for quite some time.hypothetical one.”
From DNA to Diversity: Molecular Genetics and the—Wilhelm Roux (1892) (Translated from the German by
Evolution of Animal Design by Sean Carroll, JenniferDiethard Tautz)
Grenier, and Scott Weatherbee begins with an introduc-
tion on the history of animal life, the paleontologicalScientists have long realized that there is a relationship
record, and our current understanding of the evolution-between the development and evolution of organisms.
ary relationship of the various animal phyla. While thisWhile we no longer believe the extreme view that the
section is brief, the authors do a very nice job of ex-development of an organism recapitulates its entire evo-
plaining why this information is essential to placing de-lutionary history, we realize that many shared develop-
velopmental information into an evolutionary context.mental characteristics between organisms are the result
They then go on to detail the genetic and molecularof common ancestry. The last fifteen or so years has
basis for several developmental systems, such as flyseen a remarkable growth in our interest in studying the
segmentation and vertebrate limb development. Thisrelationship between evolution and development, and
section is fairly long and detailed, but needs to be if thethe field has earned its own nickname, “evo/devo.”
reader is to critically evaluate the comparative data thatWhy the renewed interest in this field? The answer
follows. The authors then go on to describe what theylies in the general concepts outlined in Wilhelm Roux’s
call the “evolutionary toolkit”—that is, the conserved setquote above. To understand the evolutionary (or phylo-
of genes and gene families that are used across phylagenetic) component of development, we first need to
for various steps in development. These include tran-understand the details of the process of development
scription factors such as the well-known Hox genes,(ontogeny). We would need to understand the details of
and signaling molecules such as wnt and hedgehogdevelopmental mechanisms before we could ade-
family members. They then go on to skillfully illustratequately access the evolutionary insights that might
how comparative studies of the expression of thesecome from developmental studies. Roux also seemed to
genes across all levels of evolution have given us somebelieve that understanding developmental mechanisms
remarkable insights into how animal development haswould actually take some time, and he was certainly
evolved. For example, they illustrate how altered pat-right. However, we have now arrived at the point where
terns of Hox gene expression may have led to the diversi-we do have a reasonably good and detailed idea of how
fication of the arthropod body plan, and how noveltiesdevelopment works, at least for certain developmental
such as butterfly eyespots may have evolved throughsteps in certain organisms. Thus, we now have a founda-
the co-option of existing genetic pathways. They alsotion upon which to address the evolutionary questions
summarize data from other approaches, such as genetic
surrounding the field of developmental biology.
mapping between closely related species, which have
The cornerstone of this foundation is the immense
contributed to our recent knowledge of developmental
knowledge we have gained from the genetic and molec-
evolution. These various examples all illustrate how im-
ular analysis of development. In particular, genetic portant changes in gene regulation figure in the evolu-
screens in model systems such as Drosophila, C. ele- tion of development, and they end their book with a
gans, and Arabidopsis have rapidly identified many of detailed account of how they imagine such regulatory
the genes involved in various developmental processes, changes took place.
and subsequent molecular and biochemical studies Genomic Regulatory Systems: Development and Evo-
have given us detailed insights into the functioning of lution by Eric H. Davidson is much more focused on
the genetic networks controlling development. While not tackling the issue of how regulatory changes occur in
particularly amenable to forward genetic approaches, genetic networks. He jumps right into the details of how
various studies in additional organisms such as Xenopus genes involved in development are regulated. These
and sea urchins have also been vital to our deepening genes include those involved in patterning the anterior-
understanding of the mechanisms that guide develop- posterior and dorsal-ventral axes of the fly embryo and
ment, and many of these molecular and genetic insights those setting up early patterning in the sea urchin em-
would not have been possible without the long tradition bryo. He then goes on to describe the same sorts of
of descriptive and manipulative studies of develop- comparative gene expression and function studies as
mental biology. Given our increased understanding of Carroll et al., but immediately integrates into these ex-
developmental mechanisms, it is natural for biologists amples many important ideas on how these changes
to turn ever-increasing attention to the evolution of de- in gene regulation might be accomplished. While the
velopment. figures illustrating the complexities of gene regulation
As we have discovered some of the key genes in- appear quite daunting (pp. 136–137 for example), they
volved in pattern formation, and found that many of are clearly an indication that we need to think critically
these genes are well conserved, we find that compara- about the network properties of developmental systems
tive studies can be taken to a new level, sparking the when considering their evolution. Davidson also weaves
recent phase of growth in the evo/devo field. By examin- into his book various insights that have come from pale-
ing the expression patterns of related genes across spe- ontology and the detailed understanding of animal phy-
logeny.cies, and taking into account their known functions from
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Both books draw wonderfully from all levels of evolu- traced to changes in a relatively small number of genes.
tion—from considering the developmental differences While all these other considerations are valid, they do
between closely related species to macroevolutionary not detract from the clear elegance of the arguments.
questions of the origins of phyla. It is in the “deep time” These books, to me, seem best suited for slightly
questions of macroevolution that both books really allow different audiences. The work by Carroll, Grenier, and
the authors to expound on their own philosophies and Weatherbee is an outstanding book for an advanced
viewpoints of how development has evolved. Interpreta- undergraduate course or an introductory graduate stu-
tion of these sorts of macroevolutionary data, such as dent course in evolution and development, while David-
the conserved patterns and apparent functions of Distal- son’s book is an excellent one for students who already
less in all animal limbs and Pax6 in all animal eyes, are have a good background in development and genetics.
still controversial. While both groups began historically For the scientist who is interested in learning more about
with somewhat opposing ideas on this issue, these more the evo/devo field, both books make for excellent read-
recent efforts reveal a certain convergence of interpre- ing. For those pursuing evo/devo questions, both are
tation. essential references. The end of Roux’s quote suggests
There are a few minor issues that I do have with both that our understanding of the relationship of evolution
books. For example, while I understand that both are and development will still be relatively hypothetical. As
focused on animal evolution, it would really have been with many evolutionary studies, really knowing the pre-
useful to bring in some of the data from plant studies, cise events that occurred millions of years ago will prob-
particularly since it appears that plants represent an ably be beyond our reach, but we now have a number
independent “experiment” in the evolution of multicellu- of sound and testable hypotheses.
larity and a complex body plan. Also, in its attempt to
be concise and easily read, From DNA to Diversity does Nipam H. Patel
contain a couple of errors. For example, in their discus- Howard Hughes Medical Institute
sion of the experiments of Stern (Nature 396, 463–466, Department of Organismal Biology
1998), the authors describe and illustrate schematically and Anatomy
(pp. 141–143) functionally important spatial differences 5841 South Maryland Avenue, MC 1028
in the expression levels of Ubx between the second University of Chicago
thoracic legs of D. melanogaster and D. simulans. How- Chicago, Illinois 60637
ever, Stern indicated that these differences were not
directly visible by immunolocalization of the Ubx protein,
but instead were inferred from genetic experiments. In The Whole Organism, and nothing
a similar vein, in describing the ancestry of arthropod but the Organismsegmentation, the expression of even-skipped, runt, and
hairy are described as being in stripes in alternate seg-
ments in a spider (pp. 125–126). The authors of this
Dictyostelium: Evolution, Cell Biologyspider work (Damen et al., Proc. Natl. Acad. Sci. USA
and the Development of Multicellularity97, 4515–4519, 2000) assume that the pattern is pair-
By Richard H. Kessinrule, but admit to having no direct evidence for this
Cambridge: Cambridge University Press (2001).assumption. In both books, there may also be a trend
294 pp. $90.00to over-generalize based on limited data. For example,
the primacy of regulatory evolution makes logical sense,
but the apparent bias of evidence supporting it may be
I never really liked the term “model organism.” It canpartially an artifact of what we can easily observe in
make a few randomly selected organisms sound nicethe sorts of experiments that are being done. All in all,
and simple, allowing us to study our favorite biologicalhowever, such issues are minor and maybe inevitable
problems in isolation, without having to worry about allin books of this scope.
the other details of life in the wild. Even worse, “modelThese two works join a relatively short list of books
organism” seems to carry a misleading implication, thatthat have a major influence on how we view the evolution
the models in question are ideal examples of some as-of development. The past efforts of Raff and Kaufman
pect of biology. Thus, if you can perfectly understand(Embryos, Genes, and Evolution) and Raff (The Shape
a process in an ideal organism, there’s no further needof Life) set a very high standard early on, and these new
to look elsewhere. Both implications are, of course,books are worthy additions. Certainly some will not be
completely untrue—every organism is different, with dif-happy with these books, as they will see them too cen-
ferent responses which have evolved to address thetered on a “gene” approach to developmental evolution.
problems of a specific ecological niche. Biology at itsThere are no long discussions of topics such as heter-
best discovers general principles, but you can neverochrony, for example. Others may be critical of the no-
discover a general principle by only studying one exam-tion that evolution can really be understood at the level
ple. The term “model system” is even worse—it soundsof changes in a few genes, as opposed to the accumula-
like a straightforward collection of gears and pulleys,tion of changes of small effect in a multitude of genes.
easy to understand by just following who pushes what,Indeed, to develop a perfect copy of a butterfly wing on
and certainly not a hideously complicated thing like aa fly would probably require swapping many, if not al-
plant or animal. Since model systems don’t need to bemost all, the fly genes with their butterfly counterparts.
organisms, they can dispense with all the worries ofHowever, we can envision that the switch in how hind-
wings and forewings differ in the two groups can be organismhood (finding something to eat, not being eaten
